General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



NASA Tertoral Menorandnrc 7S26T 


Hg K)\ THRUSTER COMPONENT TESTKG 

(HS1-T2-792C7) IC« TFF^*S7FF CO«?C*^T 191-13159 

rrsrns oisi) is t> sc 102/'-? 101 cscl 21c 

OKlis 

*3/21 *t.23l 


If. A. Mantenieks 
Lewis Research Center 
Cleveland, Ohio 


Prepared for the 

Fourteenth International Conference on Electric Propulsion 
sponsored by the American Institute of Aeronautics and Astronautics 
and Deutsche Gesselschaft fur Luft- und Raumfahrt 
Princeton, New Jersey, October 30-November 1, 1979 



ac la* tsl ste* n wm rssziac 


hr H_ A. ■Uni <-mei s* 


*ati«nal Vrcuu: ict *t»c Space iaEiiustratiai! 
Levi s ft rsearch Center 
Cleveland. Ohio **>11) 


AtSTRAC? 

Catbodes. ifolatm. a tic vapor i zees i» critical components is determining 
the performance aac lifetime of mtrcurr ins ttrafi^ri. The remits of life 
tests of several of these c attsemest s are reported. A it ►—nr thruster CIT test is 
a bell jar has successfully arms*:! ated ever 1** 000 hours. The cathode has 
undergone ft> restarts Ccri^ the life test without requiring am appreciable 
_ increases is starting power. Recently. all restarts have bees achieved with 

: ■ • -- - . : . w . : • - :• : . .r- . : - : • * >ur..r.. : »• r. 

Another ongoing iC*-cw He thruster cathode test has successfully passed the 
10 00G bear mart- A solid-insert, fc-cn. thruster cathode has accumulated over 
4 000 hours of thruster operation. All starts nave been achieved without the 
use of a high voltage ignitor. The results of this test indicate that the solid 
impregnated insert is a viable neutralizer cathode for the 6-cm thruster. 


UriVODPCTlOK 

Electron bomb a rd me n t thrusters have been under development to provide both 
auxiliary and primary propulsion functions for a large variety of space mis- 
sions. In general, the missions proposed for these thrusters require lifetimes 
of up to about 15 000 hours (Kef. 1). Thruster design verification requires 
life tests of durations of the order of the time anticipated in space appli- 
cations. The life time anc reliability of electron bombardment thruster are 
signif icant iy dependent upon the performance of several critical components. 
These components include cathodes, vaporizers, and isolators. Cathode perfor- 
mance is critical to overall thruster performance and control. In addition 
cathode starting requirements must be compatible with power processor require- 
ments. Vaporizers must be capable of long term operation with no significant 
variation on flow conductance in order to assure that the thruster remains with- 
in thermal and electrical control envelopes. Finally, propellant isolators must 
be capable of withstanding the ion accelerating voltage in order that the pre- 
sent thruster system grounding design remains viable. 

Life tests of various 8 and 30 cm thruster components have been conducted 
at Lewis Research Center (Refs. 2 to 7) as well as elsewhere (Refs. 8 and 9). 
This report will update results from a 30-c® Cathode- Isolator-Vaporizer (CIV) 
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AJTAtATTS A*I' i-koCOHat 

Some of the coa^^atst test concitions nave bees described at previous re- 
ports aac tar reader . referred to tar spec * f ic repor t (or oarr detail. 


i.-*t Cathoce- Isolat or-Vapon zer (CIV) lest 

The crsmptioc of the iO-cit CIV cathode aac ats perl ontaa ce up to Id 000 
boors of operation uas reported La kef- > (cathode fl). The isolator va pors re r 
•rescript iom and perf am lace were |i«ra i c kef. t. After II MO boors a crack 
appeared in the tantalum hod?, believed to he due to mechanical aac thertna* 
stresses tras a swaged fitting connecting the cathode to the isolator. The 
taitaiuir oody vat also weakened by embrittlement from exposures to high pressure 
caused t»v many facility aalfaKtidas. The original hollow cylindrical insert 
was placed into a new cathode »ocy of the present EMT design. The first cathode 
body had an Q. 7b am orifice and a racist ion fin with a collar. The replaced 
cathode body has a 0.75 an orifice with a 1.75 cm fin with no collar. The in- 
sert in the original configuration was recessed 0.9S cm front the tip. In the 
second cathode body the insert was placed adjacent to the tip. 

Hie isolator was of the usual segmented design, consisting of seven short 
a luaina chambers. The vaporizer consisted of a 0.4) ca diameter porous tungsten 
plug and the propellant flow vis controlled by the temperature of the vaporizer 
plug. Tnis test along with the other 30-cm component tests described herein 
were conducted in 30— cm diameter ports in the 7. talk. 3 m vacuum facility oper- 
ating at a nominal pressure of 1 to SxlO - ’’ ton. 


3u-cm Catnode-Vapori zer (CV) Test 

The description of this cathode ana its performance up to 3000 hours was 
reported in Kef. 5 (cathode ?5). The cathode body essentially had the same 
dinensior.s as the replacement cathode in the CIV test described above. The in- 
sert was located even with the cathode tip. 
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tr-cs. Veuira-irer vat n -ce Ten i>iti ati.cn. Cylinancai Insert 

The neutralizer ia» that "1 an EMT i4els- il a me Hi me^t that the 

rcl.ee foil insert was replaces h a iaiicv cylindrical insert mace of the same 
piws ta*|ftefl aal mssisa Material as Che JCHcn cathode insert s. The insert 
was . as 0.0. and 1.0. of 0-23 and 0.12 ca, respectively, an c 

was placed even with the cathode tip. The newt rail zer assembly and the 0-cm 
thruster on which it was operated are described la kef. 13. 

The following cone 1 1 1 cm njt procedure was found to result in repeatable 
cathode restarts alter atmospheric exposure: < 1 ) preneat at low temperature 

(5M® C) for J-i hours. 12) cool down for lyl an hour, (.3) preheat for one 
hour at approximately Ui 50° C. <*) cool down lor 1/2 an hour, and (5) preneat 
for i/2 hour at approx mate It liiy0° C. Following this procedure, the cathode 
ignition was attempted by applying vaporizer anc keeper voltage supplies (with- 
out the high voltage ignitor . 11 the catnoce would not start then tip heater 

power was increased in sma.l increments over 3-12 niaute intervals until igni- 
tion was obt ai r. [| the cathode was restart ec alter a faciiaty shutdown, 
ignition was initial I wit The . atfeode temperature was monitored by a 

thermocouple on the tip of the cathode. 

The test was conducted in a 1. 3xh.l n. vacuum facility in which the pressure 
was maintained between 1 to 5x10”^ torr- 

KESULTS AM’ DISCUS SI OK 

30-c* Cathode-Isoiator-Vaporizer (CIV3 Test 

The CIV test was initiates on July 5, 1973 and has seen operated rnter- 
nittantly since that time- The perf^ntir.. the cathode, isolator, and vapor- 

izer over the test period will Be describees separately below. 

Cathode performance . - Figure 1 shows t. - ;er voltage with time over the 
2to 600 hours of operation. The operating conditions of the cathode were: 
keeper current 0.5 A, mercury llant i. u rate -180 mA , and discharge 

current generally between 10.5-11.5 A, except during the first 6000 nours when 
the discharge current was varied tor d liferent intervals of time between 7 and 
12 A. 

The keeper voltage is a sensitive indicator cf cathode performance and any 
variations in cathode geometry or insert effectiveness during operation is 
directly reflected by the keeper voltage. It is evident iron Fig. 1, that no 
degradation of this cathode has taken place. The changes in keeper voltage dur- 
ing the first 6000 hours are associated witn changes of discharge current and 
mercury flow rate. Sioalle: changes in keeper voltage between 6000 and 22 6C0 
hours can be attributed to changes in pressure in the facility and the many 
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facility iailsret ovhttf I be tocm of tbe lift test. (Automatic tbctswre «f 
tar test was initiate* wher. : t*t pressure rrs.tn-E 3x'tT^ tart in the facility.) 
Snail variatioet it keeper soilage have beet otttrvei with facility prewcrr 
cLaages else by Kef. 4- 

After a facility failure at about 22 aC*t hours it tbe test a longitudinal 
crack it the cathode body was di scrwrrf. It is scrsated that this crack firw I- 
oped because of taatal® embrittlement during a facility failure and The physi- 
cal or thermal stresses or the cathode body doe t« the swaged .itting usee to 
attach the cathode to tbe isolator body, because it was considered that the 
insert of the cathode is the most critical CE^oam of the cathode, the cathode 
hody was replaced vith one censtroctec of the present design and the test roir 
tissued vith the same insert, because the new cathode body did not hare a radia- 
tion cellar as the previous ceaf igvrat ion and the insert was not recessed, the 
cathode tensneratu’ie increased from about 970° to C during st eadv state 

operation and the keerrr voltage us reduced by approximately 7 .olts- * *iir.i- 
lar decrease of teener voltage vis observed by tel- 3 vhen the insert vas sw«c^ 
adj acent to the tip. 

Another important cathode performance character! st ic is its starting capa- 
bility. Figure 7 shows the required starting temperatures of tbe cathode tip 
during the life test and jrv* that no significant trends m starting tempera- 
ture occurred during tie te».. All starting temperatures are below those where 
excessive removal of low v\ -» toactice materia, occurs (fee:. 5). 

It is significant to note that all starts after 25 144 hours were attained 
with only tbe open circuit keeper voltage of 44 volts without the 4C«G volt igni- 
tor used in the cathode ignition procedure for the first segment of the test- 
These data indicate t;»at it may he possiste t«» eliminate the high voltage start- 
er section which is presently included in bet *• the neutralizer and main cathode 
keeper power supplies. 

Isolator . - As reported in fee f . 6, the average rate of increase of 
*4»xl0~ - uA/hr of leakage current during the time from 4000 to 11 GOO hours was 
well within the established isolator performance recui reiaent s. The average rate 
of increase of leakage current from IS 000 to 27 tOG hours was approx inatelv 
/i!G* uA hr. The isolator was operating at a slightly higher temperature 
during this segment of the test and because the rate of increase of leakage cur- 
rent has been found to be very sensitive to the isolator operating temperature 
(Ref. 14), this increase is not considered to be significant. The leakage cur- 
rent was found to be predominant ly due to the c out an i nation of the outside sur- 
face of the alumina body. 

Numerous times during the later stages of the test, the high voltage supply 
was "tripped,” indicating a sudden surge of leakage current or a breakdown. 

This was believed to be due to high pressure excursions in the bell jar because 
of facility malfunctions. Because of these recurring facility problems the ap- 
plication of the high voltage across the isolator was not continued after 22 600 
hours. There have been no increases in isolator leakage current observed during 
life tests of 30— cm mercury ion thrusters (Reis. 13 and lb). The provable rea- 
son for this fact is that inside a thruster the isolator surface is better 
shielded from the facility environment and that the operating 'emperature of an 
isolacor inside a thruster is considerably lower (”“250° C) than the tempera- 
ture in the bell jar test ('‘•300° C) . Because of the sensitivity of the rate 
of increase of leakage current to its operating tenperature, it has been re- 
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c namcmric ti to tbe isolator t ra y t rot ere as cool as possible do nag all pauses 

of thnster operat ioe (kef. 14). 

Vaporiser . - The flow comfloctamce of t&e vaporiser has beee aositoira a ur- 
i ag th* li 00C hoar test lAich has takes almost 6 rears to complete. Fi|ar* 3 
shows the flow calibration of the mass flow rate as a function cf the vaporizer 
t raprratare at the begimmi of the test and after 2b MG hours of operation. 

It is enieot that the performance of the vaporizer has not heeo changed during 
the life test. 


JO-cs Cathode-Vapc-nzer (CV) lest 

Figvre 4 showr tut keeper voltage of a iu-ca cathode as a functioc of tioe 
which has accumulated 10 000 hours. The cathode operating conditions were: 
discharge current of 10.0-10.3 A during the first 300 hours and 11.0 A, 
thereafter, discharge voltage ot 12-l-i volts and a mercury flow race of approxi- 
mately i4G hL Similar to the test oescnbrrf before, the performance of this 
cathode has not degraded over the accoruiated test £ me. 

The cathode was restarted 23 tines, however, because of a partial short 
circuit between heater elements, sufficient heat could not be supplied to the 
cathode for starting without an igxicor. The heater United the tip te^ierature 
to only 960° C. This temperature was below the l00U c -lu3O° C retired to 
start the CIV test cathode vitoout an ignitor. Cathode starting conditions ex- 
hibited no significant degradation. Starting tip power fcr the first 3000 hours 
was from 63-77 watts; waereas, 79-67 watts were required tc start during the 
next 5000 hours. The snail increase is not considered to be significant con- 
sidering the detnaental effects encountered during the nicy facility breakdowns. 

For both cathodes tested the start ii^ temperature was slightly higher than 
the normal operating teaperature of the cathode tip. 


30- era Vaporizer Acceptance Tests 

Thruster tests (Ref. 16) and subsequent vaporizer tests have shown that 
certain vaporizers exhibit changes of conductance with time at pressures con- 
siderably less than their cold intrusion pressure. Three vaporizes have been 
tested and typical results will be presented. 

In order to determine the operating limits of a vaporizer, the intrusion 
pressure was measured as a function of vaporizer temperature. The data for Che 
three vaporizers tested are shown in Fig. 3. As the tei^>erature of the vapor- 
izer was increased from room temperature to the normal operating temperature of 
about 300° C, a reduction of up to 25Z of the intrusion pressure was mea- 
sured. These results are similar to those obtained by Ref. 17. The difference 
of the intrust ion pressure of the three vaporizers is not considered to be sig- 
nif icant. 

A bakeout procedure was followed which results in the vaporizer returning 
to its original f low ca libration after an intrusion (Ref. 17). The vaporizers 
were then subjected to various pressures and the mass flow rate at a given 
pressure was measured as a function of time. Typical results of two of the 
vaporizers are seen in Figs. 6 and 7 (Ref. 18). The conductance of vaporizer #1 
changed in tests at two pressures over a period of about 150 hours 



m 4 tin reached a steady value, these changes occurred at pressures cossi.se r- 

iaer #2 did esc vary sat it the coeditises of intrusion s h ows is Fig. 5 were ap- 
proached. Vaporiser #3 exhibited characteristics close to those of vaporiser 
#2. the « vas s a for the diffeseaces is performance are aoc kaowo at this tiae. 
■air liae cracks ia the vaporiser eay he oae possihie explasac ios The data ia 
Figs. I aod 7 iodic ate that os re th a a a cold iotrssios test is accessary to ver- 
ify vaporiser desi< . It appears that each vaporiser aay have to he subjected 
to a pressurized iww-150 hour test to verify that it sets the resired pressure 
traits imposed by anticipated p r op e t taut task operating pressures. 


t-ca Beutraliser Cathode Test 

gerfonusace characteristics . - Solid iapregoated porous tungsten inserts 
have bees incorporated ia a IS 000 hour life test of so 8-co thruster (Kef. 9). 
The inserts used in this test were solid, cy liodrical ia shape and recessed Iron 
the cathode tip. It was found that the sin cathode operated properly during 
the life test at a keeper voltage between 13-14 volts. However, for stable 
cathode operation the neutralizer required 7.2 watts of power for aost of the 
test dotation. Even with the addition of the heater power, the neutralizer 
floating potentials and keeper voltage were quite high at about 30-40 and * w 20 
volts, respectively, because of iaposed power i ia it at ion at that tine, the 
solid insert was eot believed to be a viable alternative to the rolled foil in- 
sert. Ibis insert type did not require any tip heat during steady state opera- 
tion. 

Due to subsequent tests in which inconsistant cathode perfomance was ob- 
served while using the rolled foil insert, and the excellent results obtained by 
the solid insert in the 30-ca thruster program, the use of the solid insert 
again was proposed for the 8-ca thruster. The experience gained fron the 30 -c n 
cathode progran suggested changes which led to inproved performance of the 8-cn 
neutralizer cathode. To achieve the improvement, the cathode tip-insert recess 
was eliminated and a hollow insert was used instead of a solid one. The perfor- 
mance characteristics of such a cathode are shown in Fig. 8 where the neutral- 
izer keeper voltage and floating potential are plotted as a function of uercury 
flow rate for various keeper current values. The cathode tip te^>eracure is 
noted at each data point. The minima keeper voltage appears to be at a mass 
flow rate between 8-12 at. This flow rate is well beyond that required for min- 
ima cathode tip erosion (Ref. 20). The minima voltage of 19 to 20 volts ob- 
served in this best is couparable with the keeper voltage of the 15 000 hour 
test with 7.2 watts applied. More significant improvement is seen in the neu- 
tralizer floating potential. At a keeper current of 0.6 A a floating potential 
of only 13 volts was measured, compared to the 30-40 volts observed in the life 
test. Figure 8 shows that increasing the keeper current resulted in consider- 
able reductions in the neutralizer floating potential whereas, the effect on 
keeper voltage was minimal. 

These characteristics demonstrated that a neutralizer cathode with a solid 
hollow cylindrical insert could operate stably without the addition of tip heat 
power. The observed keeper voltage of approximately 19 volts was still con- 
sidered to be marginal. Therefore, some minor changes were made to improve the 
thermal design of the cathode (Ref. 10). 
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Ike keeper wlt^e ef the neutralizer cathode is show is Pig. 9 as a fume— 
tioe of tiat for over 4000 hoars. Mo evidence of cathode degradation is seen 
froa this data. 

The repaired starting heater power of the cathode with only the 44 volt 
keeper sopply is shown in Fig. 10. The required power increased fron approx i- 
nately 23 to 33 watts dnripg the first 2000 hours, and no significant increase 
observed after that tine. S on e w h it disconcerting are the relatively high start- 
ing temperatures of this cathode. Whereas the 30-ca cathode starting tempera- 
tures ranged fron 950° to 1030° C, this cathode required up to 1220P C. 

It should he noted that starting voltage of the keeper supply of the 30-ca CIV 
test was approximately 10 volts higher then the 8-cs supply. Therefore, the 
exact reason for the different starting tenperature requirements are not known 
at this tine. 

Eased on the promising results obtained in this study and elsewhere 
(kef. 10), it was decided o replace the rolled foil insert with the solid hol- 
low cylindrical insert for both cathodes of the 8-ca thruster. Also the high 
voltage (5000 V) ignitor was eliminated froa the Ibwer Processor and a high 
voltage section of 460 volts was substituted in the keeper supply to take its 
place. 


CONCLUSIONS 

Results of several 30-ca component life-tests as well performance of an 
8-ca neutralizer cathode with a hollow cylindrical insert are reported herein. 
Two 30-ca cathode tests have accumilated up to 26 000 and 10 000 hours without 
any apparent degradation in perfomance. (A cathode body had to be replaced in 
one of the tests after 22 700 hours.) Starting of the 26 600 hour 30-ca 
Cathode-Isolator-Vaporizer test was achieved recently without the high voltage 
ignitor after six years of internittent testing using the conventional high 
voltage ignition. No additional heater power was required to achieve the low 
voltage starts. Isolator and vaporizer performance was found to be satisfactory 
during the 26 600 hour test. Satisfactory results were also obtained from the 
30-cn Cathode- Vaporizer test. No degradation of the cathode was observed from 
the keeper voltage characteristics or starting tip heater requirements during 
the 10 000 hour test. 

30-cn vaporizer tests results are reported which have indicated a necessity 
of an additional pressurized time acceptance test to determine if a vaporizer is 
capable of operation at a given pressure without a change in its flow conduc- 
tance. 

An 8-ctn neutralizer cathode with a hollow cylindrical insert was tested on 
a thruster and its performance characteristics presented. It was shown that 
similar to the 30-cm cathodes, the solid insert cathode is a viable cathode for 
the 8-ctn thruster. A life test of the cathode over 4000 hours, with starting 
achieved with a low voltage keeper supply, showed no deterioration in its per- 
formance. 
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Figure 3. - Calibration at 30 cm Cl V test vaporiser. 
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Figure 4 • KMptr vottogo vt Him a 1 30-cm thrustor cithado. 
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Figure*. - Keeper voRage vs. time of 8-cm neutralizer cathode with solid insert 
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Figure 10. - Cathode tip heater power required to start with 33V. 
Keeper supply vs. time of a 8-cm neutralizer cathode with 
solid insert. 




